the possibility to Dr. Emilio Del Campo, during a visit to the National Heart Institute, that the intact interatrial septum could be crossed in the region of the fossa ovalis and provide another means of access to the left atrium. It appeared to us that this could be accomplished by a suitably curved needle passed through a catheter positioned against the septum. In an experimental study in dogs'0' 11 left atrial puncture by this technic was found to be simple and without hazard. Transseptal left heart catheterization was then applied in clinical studies and prelimim-ary experienees with it were eneouragingZ12 15 The method has now been employed in 130 patients with various formns of heart disease. The present report describes in detail the inistruments employed in transseptal left heart catheterization, the techiiies of the procedure, and somne of its applications in cardiovascu'ar diagnosis and clinical investigation.
Material and Method Equipment
Shortened Right Heart Catheter
The catheter through which the no. 17 -gage transseptal needles are passed is a no. S Aortocatheter (61 cm. in length) having an extruded Nylon core."" A removable adapter (Tuohy-Borst) is attached to the proximal end of the catheter.
The transseptal needles may vary slightly in length and the catheter should be compared with the transseptal needle with which it is to be used; the proximal end of the catheter is cut so that it is 2 eIm. shorter than the needle. The length of the catheter then corresponds to the length of the needle froni its tip to a point 2 cm. from the indicator arrow ( fig. 1) .
A no. 7 Aorto-catheter, 53 cm. in length, may be used in identical fashion with the no. 19-gage transseptal needle used in infants. The transseptal needle for routine use ( fig. 1 ) is constructed of no. 17 -gage thin-walled stainlesssteel tubing and is approximately 61 cm. in length.* A stopcock is permanently attached to the proximal end and immediately distal to it is a metal arrow mounted so that it points in the same direction as the curvature of the distal end of the needle. The shape of the curve in the needle tip has been found to be important in facilitating septal puncture, and it is reproduced to scale in figure 1 . The convex surface of the curve in the needle terminates in the leading edge of the needle point and the opening of the needle thus faces the concave surface. The margins of the opening are carefully polished to avoid shearing of the fine plastic catheter that is passed through it.
The transseptal needle employed for angiocardiography* with selective injection into the left atrium, is identical to that described above except for its distal end, which has been modified in order to prevent recoil during injection of contrast ma-*Manufactured by Becton-Dickinson with the other hand, the needle is pushed forward the remaining 2 cm. A sudden decrease in resistance is usually appreciated as the needle perforates the septum and enters the left atrium ( fig. 2C ). The atrial pressure pulse is observed on the monitoring oscilloscope and identified as left atrial in origin by comparison with the previously observed right atrial pressure. In addition, the free withdrawal of oxygenated blood should be possible. Frequently, penetration of the septum is initially incomplete and a high, nonphasic pressure is observed. In this situation the puncture nlay be completed by advancing the protruded needle and catheter together, approximately 1 cm., until the septum is pierced.
After left atrial pressure has been recorded the polyethylene catheter is advanced through the transseptal needle into the left atrium. The pressure recorded from the tip of the catheter is monitored continuously on an oscilloscopic screen as the catheter is slowly advanced and withdrawn until left ventricular pressure is recorded. It is sometimes helpful to rotate the indicator arrow of the needle to a more horizontal or vertical position in order to niodify the initial direction of the polyethylene catheter. Occasionally the catheter may also be manipulated from the left ventricle across the aortie valve into the aorta. When desired, the hemodynamic effects of exercise may be studied by means of a bievele ergomiieter pedaled with one leg.
Upon completion of the procedure the polyethylene catheter is first withdrawn, then the needle is removed slowly with the catheter still in place.
Finally, the Aorto-catheter is removed, and the saphenous vein is ligated. 
Results
Transseptal left atrial puneture has been performed sueeessfully in 130 patients at the National Heart Institute. There has beeln no death and no significant complication. Puneture of the free wall of either atrium or of any structure other than the atrial septum has not occurred to our knowledge in any instance. No ilitrapericardial bleeding has been evident clinieally or at subsequent operation. Nitrous oxide tests for the detection of leftto-right shunits were performed before and after trausseptal puncture in 10 patients and all tests were negative. The atrial septum eould not be punetured in several patients, most of whom had gross enlargement of the right atrium. In these patients displacement of the inferior vena eava and septum prevented contact of the needle with the septal wall. In 2 patients whose hearts were studied at postmortem examination, 5 days and 4 weeks following atrial puncture, pinpoint holes covered by minute white thrombi were found in the region of the foramen ovale. Occasionally one or two atrial premature con 3 ). The applicability of Starling's law of the heart to the circulation of intact human subjects is also under investigation. The effects of acutely induced hypervolemia on effective ventricular end-diastolic pressure and cardiac output has permitted the construction of left ventricular function curves'6 in man (fig. 4) . During studies of this type left ventricular pressure measurements have been carried out for periods in excess of 2 hours.
Transseptal left heart catheterization has been found equally useful in diagnostic studies and the availability of this technic has broadened the indications for diagnostic left heart catheterization. In patients with valvular heart disease the usual recordings of the left atrial pressure pulse and of the pressure gradienit across both the mitral and aortic valves nmay be readily obtained both at rest and during exercise. Representative tracings of this type are reproduced in figures 5 to 7. Measurements of cardiac output by the indicator-dilution technic with left heart injection are also conveniently performed in the course of these studies.
The transseptal route has been found to be particularly applicable for left heart catheterization in children. Experience so far indicates that the smaller size of the heart does not render the technic more difficult. General anesthesia has been required only in Recently, the transseptal teelun;e has beei extenided to permit selective angiocrardiography with left atrial injeetion. It is anticipated that this appiroach will be found inlereasingly useful i0lhen 
